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PDLQWHQDQFHDQGUHSODFHPHQWHQVXULQJWKDWGHIHFWVVXFKDVJHQHUDOFRUURVLRQRUFUDFNVWKDWFRXOGKDYHDIIHFWHGWKHLU
SHUIRUPDQFH DUH HDVLO\ LGHQWLILHG DQG UHSODFHPHQWV PDGH DQG DOVR LQWURGXFH WKH SURVSHFW RI UHWURILWWLQJ HQHUJ\
DEVRUELQJGHYLFHVWRROGHUUDLOYHKLFOHVWRLPSURYHFUDVKZRUWKLQHVV)($PRGHOOLQJWRVLPXODWHWKHG\QDPLFUHVSRQVH
RIZHOGHGDQGEROWHG MRLQWVKDVEHHQFDUULHGRXWXVLQJ WKH/6'<1$FRGH)RU WKHZHOGHG MRLQWV WKH LQIOXHQFHRI
ZHOGLQJGHIHFWVVXFKDV ODFNRI IXVLRQZHOGXQGHUPDWFKLQJDQGZHOGFUDFNLQJRQ WKHSHUIRUPDQFHRI WKHHQHUJ\
DEVRUEHUV KDV EHHQ LQYHVWLJDWHG 7KH QXPHULFDO PRGHO YDOLGDWHG RQ WKH EDVLV RI UHVXOWV IURP LPSDFW WHVWV ZDV
VXEVHTXHQWO\XVHG WR LQYHVWLJDWH WKHEHKDYLRXURI WKHDEVRUSWLRQV\VWHPLQFROOLVLRQVFHQDULRVDVSUHVFULEHGE\(1


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VDIHW\UHTXLUHPHQWVIRUVDIHW\RIUDLOSDVVHQJHUVDUHGHVFULEHGLQWKH(XURSHDQ6WDQGDUGV(1
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ZKRVHREMHFWLYH LV WR UHGXFH WKHFRQVHTXHQFHVRIFROOLVLRQDFFLGHQWV7KHVWDQGDUGGHVFULEHV WKHGHVLJQ
UHTXLUHPHQWV WKDW UDLOZD\ YHKLFOH ERGLHV VKRXOG IXOILOO LQ RUGHU WR ZLWKVWDQG FHUWDLQ FUDVK FRQGLWLRQV
EDVHG RQ WKH PRVW FRPPRQ DFFLGHQWV DQG DVVRFLDWHG ULVNV 2QH RI WKHVH GHVLJQ IHDWXUHV LV WKH
LQFRUSRUDWLRQRIHQHUJ\DEVRUELQJGHYLFHVDWHLWKHUHQGRIWKHWUDLQZKRVHPDLQIXQFWLRQLV WRSURYLGHD
FRQWUROOHG UDWH RI GHFHOHUDWLRQ RI WKH YHKLFOH LQ WKH HYHQW RI D FROOLVLRQ WKHUHE\ UHGXFLQJ WKH LPSDFW
HQHUJ\ WUDQVIHUUHG WR WKHYHKLFOHRFFXSDQWV7KH OHJLVODWLYH(XURSHDQFUDVK VFHQDULRVFRQVLGHUHG LQ(1
DUHVKRZQLQ)LJXUH


)LJ/HJLVODWLYH(XURSHDQFUDVKVFHQDULRVGHVFULEHGLQ(1VWDQGDUGV
7KHFUDVKSURFHVVPRGHODGRSWHGE\UDLOPDQXIDFWXUHUVLVGLYLGHGLQWRSURYLVLRQVIRUERWKDFWLYHVDIHW\
EHIRUH WKH FROOLVLRQ DQG SDVVLYH VDIHW\ GXULQJ DQG SRVW FROOLVLRQ 7KLV LV VKRZQ VFKHPDWLFDOO\ LQ WKH
GLDJUDPRI)LJXUH



)LJ&UDVKSURFHVVPRGHO3&0
7KHVHOHFWLRQRIDQDSSURSULDWHHQHUJ\DEVRUEHUGHVLJQUHOLHVSULPDULO\RQWKHEHKDYLRXURIWKHGHYLFH
GXULQJWKHLPSDFWPLOOLVHFRQGUHDFWLRQWLPHDQGDOVRWKHUHTXLUHPHQWVIRUUHSDLURIWKHYHKLFOHDIWHUWKH
LPSDFWHYHQW7KLVWUDQVODWHVWRWKHUDLORSHUDWRU¶VUHTXLUHPHQWVWREHFHUWDLQWKDWWKHHQHUJ\DEVRUEHUZLOO
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DOZD\VSHUIRUPDVGHVLJQHGLQWKHHYHQWRIDFROOLVLRQLHHDVHRILQVSHFWLRQDQGPDLQWHQDQFHDQGKRZ
TXLFNO\UHSDLUVFDQEHPDGHWRDOORZWKHYHKLFOHWREHHQWHUHGEDFNLQWRVHUYLFH

7KLVZRUN DQDO\VHV WKH FROOLVLRQ SHUIRUPDQFH RI D FRPPRQ GHVLJQ RI HQHUJ\ DEVRUEHU DVVHVVHV WKH
GDPDJHWROHUDQFHRIWKHGHVLJQDQGLQYHVWLJDWHVWKURXJK)($DQDO\VLVDSURSRVHGDOWHUQDWLYHLQVWDOODWLRQ
PHWKRG IRU HDVH RI DVVHPEO\ DQG UHSDLU DV ZHOO DV WR DLG LQVSHFWLRQ DQG PDLQWHQDQFH WKURXJKRXW WKH
YHKLFOH VHUYLFH OLIH 7KH DQDO\VLV LV EDVHG RQ WKH PRVW FRPPRQ FROOLVLRQ VFHQDULR GHVFULEHG LQ (1
QDPHO\

xDNPKOLNHIRUOLNHLPSDFW

(1  DOVR LQFOXGHV D OLNH IRU OLNH LPSDFW ZLWK PP RIIVHW 7KH  PP YHUWLFDO RIIVHW
LPSDFW UHSUHVHQWV WKH GLIIHUHQFH EHWZHHQ D QHZ WUDLQ DQG RQH ZLWK ZRUQ ZKHHO SURILOHV SOXV WKH
GLIIHUHQWLDOLQKHLJKWVGXHWRPD[LPXPDQGPLQLPXPORDGLQJFRQGLWLRQV7KLVFDVHFRXOGDOVRKDYHEHHQ
FRQVLGHUHGEXWPRVWWUDLQVLQFOXGHDQDQWLURWDWLRQGHYLFHDKHDGRIWKHHQHUJ\DEVRUEHUVWRPLQLPLVHWKH
HIIHFWVRIWKHPLVDOLJQPHQWVRWKDWWKHDEVRUEHUVZLOOEHKDYHDVDVLPSOHOLNHIRUOLNHLPSDFW$QRYHUDOO
GHFHOHUDWLRQUDWHRIJDVDPD[LPXPKDVWREHPDLQWDLQHG

%DFNJURXQG
7KHPRVWFRPPRQGHVLJQRIHQHUJ\DEVRUEHULVDFLUFXODURUVTXDUHFURVVVHFWLRQKROORZWXEHZKLFK
XQGHUJRHVFROODSVHXQGHUD[LDOORDGLQJ7KLVLVDUHODWLYHO\VLPSOHDQGLQH[SHQVLYHDSSURDFKDQGLVXVHG
ZLGHO\LQPDQ\WUDQVSRUWDSSOLFDWLRQVUDQJLQJIURPUDLOWRDHURVSDFH0RGHOLQJRIWKHD[LDOFROODSVHRI
VTXDUH DQG FLUFXODU F\OLQGHUV KDV EHHQ FDUULHG RXW E\ PDQ\ UHVHDUFKHUV DQG DQDO\WLFDO VROXWLRQV IRU
G\QDPLFFROODSVHFDQEHIRXQGLQWKHOLWHUDWXUH+D\GXN:LHU]ELFNL$EUDPRZLF]
7KHPRVWQRWDEOHZRUNLVWKDWRI$EUDPRYLF]	:LHU]ELFNLZKRGHYHORSHGDQH[SUHVVLRQIRUWKH
G\QDPLFD[LDOFUXVKLQJIRUFHRIDVTXDUHFURVVVHFWLRQWXEHDV

3P W&ȑ'TVR

:KHUH&LVWKHWXEHZLGWKWWKHWXEHWKLFNQHVVVRLVWKHVWDWLF\LHOGVWUHVVȑLVWKHVWUDLQUDWHDQG'
DQGTDUHFRQVWDQWV8VXDOYDOXHVDUH' VT IRUPLOGVWHHODQG' VT IRUDOXPLQLXP

7KHUHDUHDOVRVHYHUDOSLHFHVRIZRUNZKHUH)LQLWH(OHPHQW$QDO\VLV)($KDVEHHQXVHGWRSUHGLFW
WKHFROODSVHRID[LDOO\ORDGHGWXEHVRIFLUFXODUDQGVTXDUHVKDSHPDGHRIERWKVWHHODQGDOXPLQLXPDOOR\V
DV ZHOO DV WXEHV ZLWK JHRPHWULF IHDWXUHV LQWURGXFHG WR LPSURYH WKHLU HQHUJ\ DEVRUSWLRQ SHUIRUPDQFH
-LD\DR$OMDZL-RQHV

0RVWVWXGLHVFRQFHQWUDWHLQSUHGLFWLQJWKHHQHUJ\DEVRUEHGDQGWKHLPSDFWIRUFHDQGHIIHFWVVXFKDVWKH
LPSDFWYHORFLW\DQGLPSDFWRUPDVVRQWKHGHIRUPDWLRQSDWWHUQ:KDWKDVQRWEHHQLQYHVWLJDWHGLQGHWDLOLV
WKH EHKDYLRXU RI WKH MRLQWV EHWZHHQ WKH HQHUJ\ DEVRUEHU DQG WKH UHDFWLRQ SODWH RQWR ZKLFK WKH\ DUH
DWWDFKHG $Q HDUO\ IDLOXUH RI WKH MRLQWV PD\ FRPSURPLVH WKH HQHUJ\ GLVVLSDWLRQ FKDUDFWHULVWLFV RI WKH
DEVRUEHU

,QPDQ\VWUXFWXUHVIHDWXULQJWXEXODUHQHUJ\DEVRUEHUVWKHWXEHVDUHZHOGHGRQWRDUHDFWLRQSODWH%XW
ZHOGGHIHFWVKDYHEHHQIRXQGLQVRPHZHOGHGMRLQWVDULVLQJHLWKHUIURPIDEULFDWLRQTXDOLW\SUREOHPVRU
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KDYHGHYHORSHG LQVHUYLFH)DEULFDWLRQSUREOHPVPD\DULVHHLWKHU IURPLQFRUUHFWZHOGLQJSURFHGXUHVRU
GLIILFXOWLHV HQFRXQWHUHG E\ WKH ZHOGHU WR FRUUHFWO\ SRVLWLRQ WKH ZHOGLQJ JXQ GXH WR OLPLWHG DPRXQW RI
VSDFH URXQG D WXEH PRVW FRPPRQ ZKHQ PXOWLSOH VHWV RI WXEHV DUH XVHG LQ FORVH SUR[LPLW\ 6HUYLFH
GHIHFWVPD\DULVHIURPPHWDOWKLQQLQJGXHWRJHQHUDOFRUURVLRQRUFUDFNGHYHORSPHQWDVDUHVXOWRIVWUHVV
FRUURVLRQ RU FRUURVLRQ IDWLJXH DW WKH ZHOG UHJLRQ ,W LV WKHUHIRUH LPSRUWDQW WR NQRZ KRZ WKH HQHUJ\
DEVRUEHUVZRXOGEHKDYHZKHQWKHLQWHJULW\RIWKHZHOGHGMRLQWVLVFRPSURPLVHG

)XUWKHUPRUH RQFH WKH WXEHV DUH ZHOGHG WR WKHLU UHDFWLRQ SODWHV WKURXJK OLIH LQVSHFWLRQ RI WKHLU
FRQGLWLRQ LV GLIILFXOW EHFDXVH DFFHVV WR WKH LQQHU VXUIDFH LV GLIILFXOW ,Q DGGLWLRQ LQVSHFWLRQ WHFKQLTXHV
VXFKDVXOWUDVRQLFVKDYHOLPLWDWLRQVLQLGHQWLI\LQJDQ\ZHOGGHIHFWVGXHWROLPLWHGVSDFHDYDLODEOHIRUWKH
FRUUHFWLQVHUWLRQRILQVSHFWLRQSUREHV

0RGHOOLQJ
7KH GHVLJQ FRQVLGHUHG KHUH LV D VHW RI IRXU KROORZ UHFWDQJXODU WXEHV SODFHG DW HLWKHU VLGH RI D UDLO
YHKLFOHDVVKRZQLQ)LJXUHZHOGHGRQWRWKHEXONKHDG$WWKHIURQWHQGDIODWSODWHLVZHOGHGZKLFK
LQFRUSRUDWHVWKHDQWLURWDWLRQDQGDQWLFOLPEGHYLFHVQRWVKRZQLQWKHVNHWFK



)LJ6FKHPDWLFGHVLJQRIDUDLOYHKLFOH¶VHQHUJ\DEVRUEHUDVVHPEO\
4XDVLVWDWLFDQGG\QDPLF WHVWVSHUIRUPHGRQ URXQGDQGVTXDUH WXEHVKDYHVKRZQ WKDW WKHUH LVDQ LQLWLDO
KLJKORDGXQWLOWKHFUHDWLRQRIWKHILUVWIROGGXHWREXFNOLQJGURSSLQJWRDPRUHRUOHVVFRQVWDQWORDGXQWLO
WKHWXEHKDVIXOO\FROODSVHG$W\SLFDOORDGWLPHSORWLVJLYHQLQILJXUH7KLVLQLWLDO³VSLNH´LQWKHLPSDFW
ORDGLVQRWGHVLUDEOHGXULQJDFROOLVLRQDVLWVHIIHFWZRXOGEHWUDQVIHUUHGWRWKHRFFXSDQWVRIWKHYHKLFOH
)RU WKLV UHDVRQ HQHUJ\ DEVRUEHUV LQFRUSRUDWH D ³VWDUWHU´ IROG WRPLQLPLVH WKH HIIHFWV RI WKH LQLWLDO ORDG
VSLNH)LJXUHVKRZVDQH[DPSOHRIVXFKDVWDUWHUIROGLQDQHQHUJ\DEVRUEHU

7KHPRGHOOLQJ LQYHVWLJDWHV WKHSHUIRUPDQFHRI HQHUJ\ DEVRUEHUVZLWKZHOGGHIHFWV UHSUHVHQWHGE\XQ
MRLQHGVLGHVRQWKHWXEHVZHOGLQWHJULW\FRPSOHWHO\ ORVWDVLQGLFDWHGE\WKHUHGOLQHV LQILJXUHDQG
PRGHOOHG LQ WKH)(DQDO\VLVDVXQWLHGUHJLRQV7KHDQDO\VLVH[DPLQHV WZRFDVHV WKH ILUVWFDVHVKRZLQJ
QRQZHOGHGVHFWLRQVRQWZRWXEHVDQGWKHVHFRQGFDVHQRQZHOGHGVHFWLRQVRQWKUHHRXWRIWKHIRXUWXEHV
WKHODWWHUEHLQJDQH[WUHPHFDVHVFHQDULR
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


)LJ3RVLWLRQRIHQHUJ\DEVRUEHUVLQUDLOYHKLFOHOHIW/RDGYVWLPHFXUYHGXULQJG\QDPLFWHVWLQJRIHQHUJ\DEVRUELQJWXEH
ULJKW



)LJ(QHUJ\DEVRUELQJWXEHVVKRZQLQVLWXLQDUDLOYHKLFOHVWDUWHUIROGLVFOHDUO\YLVLEOHDWWKHIURQWHQG
7KHPRGHOFRQVLGHUVDVWHHOHQHUJ\DEVRUELQJWXEHV\VWHPDQGDOLJKWZHLJKWDOXPLQLXPDOOR\HQHUJ\
DEVRUELQJV\VWHP7KHODWWHUKDVEHHQLQFOXGHGLQWKHLQYHVWLJDWLRQEHFDXVHDOXPLQLXPLVJDLQLQJJURXQG
IRUOLJKWZHLJKWUDLOYHKLFOHFRQVWUXFWLRQ
7KHSUREOHPZLWKDOXPLQLXPDOOR\VLVWKDWXQOLNHVWHHOVZKHUH³PDWFKHG´ZHOGVFDQEHREWDLQHGZHOG
VWUHQJWKHTXDOWRSDUHQWPHWDOVWUHQJWKLQDOXPLQLXPDOOR\VWKHZHOGUHJLRQFDQH[KLELWVWUHQJWKDOPRVW
KDOI WKDW RI WKH SDUHQW SODWH GXH WR WKH PLFURVWUXFWXUDO FKDQJHV WDNLQJ SODFH E\ WKH KHDW LQSXW WR WKH
PDWHULDODVDUHVXOWRIWKHIXVLRQZHOGLQJSURFHVV
0HFKDQLFDOWHVWVZHUHSHUIRUPHGWRREWDLQWKHPHFKDQLFDOSURSHUWLHVRIWKHSDUHQWPHWDODQGWKHZHOGV
RIERWKWKHVWHHODQGDOXPLQLXPDOOR\XVHGIRUHQHUJ\DEVRUSWLRQWXEHV7KHSURSHUWLHVRIWKHPDWHULDOV
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FRQVLGHUHGDUHJLYHQLQWDEOHV	7KHPHFKDQLFDOWHVWVLQFOXGHGWKHDFTXLVLWLRQRIPDWHULDOSDUDPHWHUV
UHTXLUHGIRUWKH)($PRGHOOLQJ



)LJ7ZRFDVHVRIZHOGGHIHFWVZKHUHUHGOLQHVUHSUHVHQWFRPSOHWHORVVRIZHOGLQWHJULW\QRQZHOGHGUHJLRQV
$IWHUDVVHVVLQJWKHGHIHFWWROHUDQFHRIWKHZHOGHGGHVLJQRIHQHUJ\DEVRUEHUDVDPHWKRGRIDWWDFKPHQWWR
WKHUDLOYHKLFOHWKHPRGHOOLQJLVH[WHQGHGWRFRQVLGHUDEROWHGRQHQHUJ\DEVRUELQJV\VWHPDVVKRZQLQ
)LJXUH



)LJ:HOGHGDQGEROWHGRQWXEXODUHQHUJ\DEVRUELQJV\VWHP
$OO VLPXODWLRQVKDYHEHHQFDUULHGRXWXVLQJDFOXVWHUZLWK&38VDQG/6'<1$YHUVLRQPSS
57KH LPSOHPHQWHGPRGHO IRU WKHZHOGHG VROXWLRQ LV FRPSRVHGRI %HO\WVFKNR7VD\ VKHOO
HOHPHQWV ZLWK  LQWHJUDWLRQ SRLQWV WKURXJK WKH WKLFNQHVV DQG DQ DYHUDJH GLPHQVLRQ RI  PP $OVR
GLIIHUHGPHFKDQLFDO SURSHUWLHV IRU WKH ZHOG WKH+$= DQG WKH EDVHPDWHULDO KDV EHHQ XVHG$XWRPDWLF
VLQJOHVXUIDFHFRQWDFWZLWKRXWIULFWLRQDQGVRIWFRQVWUDLQWIRUPXODWLRQKDVEHHQXVHGWRPRGHOWKHFRQWDFW
EHWZHHQ DOO WKH SDUWV DQG DFFRPPRGDWH WKH LQWHUDFWLRQV EHWZHHQ WKH IROGV ZLWKLQ D JLYHQ WXEH GXULQJ
FROODSVH7KH033DOJRULWKPVKDYHEHHQDFWLYDWHGDVZHOO7KHQRGHVRIWKHEDFNSODWHLQFRUUHVSRQGHQFH
WR WKH VXUIDFH DWWDFKHG WR WKH WUDLQ KDYHEHHQ FRPSOHWHO\ FRQVWUDLQHG7KH VLPXODWLRQVZHUHSHUIRUPHG
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XVLQJDWRQQHVLPSDFWPDVVPRGHOOHGZLWKDIODWSODWHZLWKDILFWLWLRXVGHQVLW\DQGDQLPSDFWYHORFLW\
RIPPVLHNPK

7KH EROWHGPRGHO LV FRPSRVHG RI %HO\WVFKNR7VD\ VKHOO HOHPHQWV ZLWK  LQWHJUDWLRQ SRLQWV
WKURXJKWKHWKLFNQHVVDQGDQDYHUDJHGLPHQVLRQRIPPDQGVROLGHOHPHQWVIRUWKHEDFNDQGIURQW
SODWHVDQGWKHIL[LQJV\VWHPV(YHQLIWKHUHDUHGLIIHUHQWZD\WRPRGHOWKHEROWVVHHUHILQWKHSUHVHQW
ZRUNWKHEROWVKDYHEHHQPRGHOOHGXVLQJRQH&21675$,1712'$/5,*,'%2'<IRUHDFKEROWDV
WKHSXUSRVHRIWKHSUHVHQWZRUNLVWRFRPSDUHWKHZHOGHGDQGWKHEROWHGVROXWLRQDVVXPLQJWKDWWKHVKHDU
IDLOXUHDQGWKHEHDULQJHIIHFWFDQEHSUHYHQWHGXVLQJDVXLWDEOHGLPHQVLRQRIWKHEROWDQGDWKLFNHUSODWH
IRUWKHIL[LQJV\VWHP+RZHYHUXVLQJWKH*XUVRQPRGHOLIWKHVWUHVVDWWDLQHGDURXQGWKHKROHVLVWRRKLJK
IDLOXUHRFFXUVFDXVLQJWKHWXEHVWRIDLOZLWKRXWDEVRUELQJWKHLPSDFWHQHUJ\,QWKLVFDVHWKHLPSDFWPDVV
KDV EHHQ PRGHOOHG XVLQJ D 5,*,':$// 3/$1$5029,1*ZLWK DPDVV RI  WRQQHV DQG LPSDFW
YHORFLW\RIPVLHNPK

7KH FRQVWLWXWLYH PRGHO XVHG IRU DOO WKH VLPXODWLRQV LV WKH *XUVRQ PRGHO ZLWK WKH :LONLQV 5F'F
IUDFWXUHPRGHODGGHGDQGLVDOUHDG\LPSOHPHQWHGLQ/6'<1$DV0$77KH*XUVRQIDLOXUHPRGHO
LVDVRSKLVWLFDWHGDSSURDFKZKLFKXVHVDVWDWHYDULDEOHSODVWLFLW\ODZLQZKLFKWKHYRLGYROXPHIUDFWLRQLV
DQH[SOLFLWVWDWHYDULDEOHDQGWKH\LHOGVWUHVVLVWDNHQWREHDIXQFWLRQRIWKHYROXPHIUDFWLRQRIYRLGVLQWKH
PDWHULDO7KH*XUVRQIORZIXQFWLRQLVGHILQHGDV

) VHV\ITFRVKTV+VHTI 

ZKHUHıHLVWKHYRQ0LVHVHTXLYDOHQWVWUHVVı\LVWKH\LHOGVWUHVVı+LVWKHK\GURVWDWLFVWUHVVFRPSRQHQWI
WKHHIIHFWLYHYRLGYROXPHIUDFWLRQGHILQHGDV

I I    LIIIF
I IFTIFIIFI(IF LII!IF

ZKHUHTDQGTDUHPDWHULDOSDUDPHWHUVIFWKHFULWLFDOYRLGYROXPHIUDFWLRQI(WKHGDPDJHSDUDPHWHU
FRUUHVSRQGLQJWRWKHYRLGYROXPHIUDFWLRQDWIDLOXUH
7RDFKLHYHDJRRGDFFXUDF\WKHSDUDPHWHUVGHILQHGDERYHKDYHWREHREWDLQHGIURPPDWHULDOVWHVWV)RU
WKHVWHHODEVRUEHUVWKHIROORZLQJPDWHULDOSURSHUWLHVZHUHXVHGGHWHUPLQHGE\H[SHULPHQW
$QDO\VLVRIZHOGHGDEVRUEHUV
,Q WKH IROORZLQJ WKH UHVXOWVRI WKHG\QDPLFDQDO\VLV UHODWHG WR WKHZHOGGHIHFWVDUHSUHVHQWHG ,Q WKH
PRGHOWKHGHIHFWVKDYHEHHQVLPXODWHGE\PHDQVRIERWK*XUVRQPRGHODQGXQW\LQJWKHQRGHVRQWKHHGJH
EHWZHHQWKHHOHPHQWVRIWKHZHOGDQGWKH+$=LQRUGHUWRVLPXODWHWKHODFNRIIXVLRQVHHILJ
7KH UHVXOWV IRU &DVH  VKRZ WKDW ERWK WKH VWHHO DQG DOXPLQLXP DEVRUEHU ZHOGHG MRLQW LQWHJULW\ LV
PDLQWDLQHGZKHQ WZRWXEHVKDYHZHOGGHIHFWVDQG WKHHQHUJ\DEVRUEHUVSHUIRUPDVGHVLJQHG+RZHYHU
ZKHQ WKH XQWLHG VLGHV DUH VLJQLILFDQW WKH IROGLQJ VWDUWV LQ D UHJXODUPDQQHU EXW GXH WR WKH QXPEHU RI
XQVXSSRUWHG WXEH VLGHV WKH DEVRUEHU IDLOV LQ DQ XQFRQWUROOHGPDQQHU $V H[DPSOH LQ WKH IROORZLQJ WKH
ZRUVWFDVHKDVEHHQVKRZQ




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
7DEOH6WHHOEDVHPDWHULDODQGZHOGSURSHUWLHV

 67((/
3URSHUWLHV %DVHPDWHULDO +HDWDIIHFWHG]RQH :HOGPHWDO
'HQVLW\ NJP NJP NJP
( *3D *3D *3D
3RLVVRQ¶VUDWLR   
<6 03D 03D 03D
4   
4   
IF   
I H H H
HQ   
VQ   
IQ   
II   

7DEOH$OXPLQLXPEDVHPDWHULDODQGZHOGSURSHUWLHV
 $/80,1,80
3URSHUWLHV %DVHPDWHULDO +HDWDIIHFWHG]RQH :HOGPHWDO
'HQVLW\NJP   
(*3D   
3RLVVRQ¶VUDWLR   
<603D   
4   
4   
IF   
I   
HQ   
VQ   
IQ   
II   
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

)LJ7KHUHGOLQHLQGLFDWHVWKHXQWLHGVLGHLQWKH)($PRGHO
&$6( 7KUHHWXEHVZLWKZHOGGHIHFWV


)LJ$[LDOORDGWUDFHOHIWDQG'HIRUPDWLRQSORWULJKWRIVWHHOZHOGHGHQHUJ\DEVRUEHUXQGHULQOLQHLPSDFWDWNPKZLWK
ZHOGGHIHFWVDVIRU&DVH
$OXPLQLXPDEVRUEHU

7KH VLPXODWLRQ RI WKH DOXPLQLXP DEVRUEHU ZLWK ZHOG GHIHFWV RI FDVH  VKRZ WKDW WKH ZHOGV ZRXOG
FRPSOHWHO\IDLORQLPSDFW7KLVLVWKHZRUVWFDVHVFHQDULRZKHUHWKUHHRXWRIWKHIRXUWXEHVKDYHZHOGHG
VLGHVZLWKGHIHFWVWRWDOORVVRIMRLQWVWUHQJWK7KHD[LDOORDGSORWVKRZVWKDWWKHWXEHVZRXOGQRWIXQFWLRQ
DVLQWHQGHG
7KHIDFWWKRXJKWKDWWKHVWHHODEVRUEHUVSHUIRUPHGEHWWHUIRU&$6(VXJJHVWVWKDWERWKDOXPLQLXPDQG
VWHHOFRXOGEHXVHGIRUDEROWHGVROXWLRQDQGWKDWWKLVDSSURDFKZRXOGEHPRUHDGYDQWDJHRXVIRUWKHFDVH
RI DOXPLQLXPDEVRUEHUV EHFDXVHRI WKH IDFW WKDW WKH DOXPLQLXPZHOGV DUH ³XQGHUPDWFKHG´ VWUHQJWKRI
ZHOGORZHUWKDQVWUHQJWKRISDUHQWPDWHULDO

1412   George Kotsikos and Marzio Grasso /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1403 – 1414 


)LJ$[LDOORDGWUDFHOHIWDQG'HIRUPDWLRQSORWULJKWRIDOXPLQLXPZHOGHGHQHUJ\DEVRUEHUXQGHULQOLQHLPSDFWDWNPK
ZLWKZHOGGHIHFWVDVIRU&DVH
%ROWHG(QHUJ\$EVRUEHUV
,Q RUGHU WR SUHYHQW SURSDJDWLRQ RI FUDFNV DURXQG WKH ZHOGV WKDW DIIHFW WKH EHKDYLRXU RI WKH ZKROH
DEVRUEHUDQGWRLPSURYHWKHPDLQWHQDQFHDQGWKHLQVSHFWLRQDVSHFWDEROWHGVROXWLRQKDVEHHQSURSRVHG
$VZLWKWKHZHOGHGDEVRUEHUV WZRVROXWLRQVKDYHEHHQDQDO\VHGQDPHO\WXEHVPDGHRIDOXPLQLXPDQG
VWHHO

)LJ$[LDOORDGWUDFHOHIWDQG'HIRUPDWLRQSORWULJKWRIEROWHGRQDOXPLQLXPZHOGHGHQHUJ\DEVRUEHUXQGHULQOLQHLPSDFWDW
NPK

6WHHO%ROWHG$EVRUEHU

$FRPSDULVRQRIWKHD[LDO ORDGWUDFHVRIEROWHGDQGZHOGHGDEVRUEHUVVWHHODQGDOXPLQLXPVKRZVWKDW
WKH EROWHG VROXWLRQ GRHV QRW DIIHFW WKH SHUIRUPDQFH RI WKH WXEHV ,W LV WKHUHIRUH D IHDVLEOH VROXWLRQ
HVSHFLDOO\LIDOXPLQLXPDEVRUEHUVDUHXVHGZKLFKDUHPRUHSURQHWRIDLOXUHGXHWRZHOGGHIHFWV
1413 George Kotsikos and Marzio Grasso /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1403 – 1414 


)LJ$[LDOORDGWUDFHOHIWDQG'HIRUPDWLRQSORWULJKWRIEROWHGRQVWHHOZHOGHGHQHUJ\DEVRUEHUXQGHULQOLQHLPSDFWDW
NPK
7KHVROXWLRQIRUWKHPHDQD[LDOORDGSURYLGHGE\:LHU]ELFNLDQG$EUDPRZLF]HTZDVDOVRFRPSDUHG
ZLWKWKH)($UHVXOWV(TXDWLRQLQFOXGHVWKH&RZSHU6\PRQGVH[SUHVVLRQIRUWKHG\QDPLFIORZ
VWUHVV:KDWLVDOVRUHTXLUHGIRUWKHVROXWLRQLVWKHVWUDLQUDWHȑEXWLWLVGLIILFXOWWRPDNHDQHVWLPDWHRI
WKHVWUDLQUDWHLQDVTXDUHWXEHEHFDXVHRIWKHFRPSOH[GHIRUPDWLRQSDWWHUQVWKDWGHYHORSGXULQJD[LDO
GHIRUPDWLRQ+RZHYHUDQHVWLPDWHZDVSURYLGHGLQUHI6KDLOHVKHWDODV

GHGW 9R&

ZKHUH9RLVWKHLPSDFWYHORFLW\DQG&WKHWXEHZLGWK

7KH:LHU]ELFNLDQG$EUDPRZLF]HTXDWLRQSURYLGHVWKHVROXWLRQIRUDVLQJOHGHIRUPLQJWXEH:KHQPRUH
WKDQ RQH WXEHV DUH VLPXOWDQHRXVO\ XQGHUJRLQJ G\QDPLF D[LDO FRPSUHVVLRQ WKH PHDQ ORDG IRU D[LDO
SURJUHVVLYHEXFNOLQJLVQRWDGGLWLYH-RQHV7RPDNHWKHFRPSDULVRQDQLPSDFWPRGHORIDVLQJOH
VWHHOWXEHZDVUXQDQGWKHPHDQD[LDOORDGREWDLQHG

3P)($  N1
3P(TXDWLRQ N1XVLQJ' VT 

7KLVLVDUHDVRQDEO\JRRGDJUHHPHQWDQGJLYHVFRQILGHQFHWRWKHUHVXOWVREWDLQHGIRUDVHWRIWXEHV

&RQFOXVLRQV
7KHUHVXOWVVKRZWKDWIRUPXOWLSOHZHOGHGHQHUJ\DEVRUELQJWXEHVSDUWLDOORVVRIZHOGLQWHJULW\GRHVQRW
DIIHFWJUHDWO\WKHLUSHUIRUPDQFH7KHGHVLJQLVWKHUHIRUHGDPDJHWROHUDQW
$ %ROWHG RQ DEVRUEHU GHVLJQ LV D YLDEOH DOWHUQDWLYH WR D ZHOGHG DEVRUEHU IRU UDLO YHKLFOH DSSOLFDWLRQV
RIIHULQJDGYDQWDJHVRIHDVHRIPDLQWHQDQFHDQGTXLFNUHSODFHPHQWIROORZLQJDFROOLVLRQZLWKVLJQLILFDQW
HFRQRPLFEHQHILWVERWKLQWHUPVRIUHSDLUSURFHGXUHVDQGWLPHWRUHWXUQWRVHUYLFH
7KH UHVXOWV DOVR VXJJHVW WKDW LW LV SRVVLEOH WR UHWURILW EROWHGRQ HQHUJ\ DEVRUEHUV RQ ROGHU YHKLFOHV WR
HQKDQFHWKHLUVDIHW\LQFROOLVLRQV
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5HIHUHQFHV
$EUDPRZLF]:DQG:LHU]ELFNL7³$[LDO&UXVKLQJRI0XOWLFRUQHU6KHHW0HWDO&ROXPQV´-$SSO0HFKSS±


$OMDZL$$1³$[LDO&UXVKLQJRI6TXDUH6WHHO7XEHV´7KHWK6DXGL(QJLQHHULQJ&RQIHUHQFH.)830'KDKUDQ'HFHPEHU


+D\GXN5-$QG:LHU]ELFNL7³([WHQVLRQDOFROODSVHPRGHVRIVWUXFWXUDOPHPEHUV´&RPSXWHUVDQG6WUXFWXUHV


-LD\DR0D<XDQ/HDQG=KRQJ<RXVW$,$$$60($6&($+6$6&6WUXFWXUHV6WUXFWXUDO'\QDPLFVDQG0DWHULDOV
&RQIHUHQFH$SULO2UODQGR)ORULGD

-RQHV1³'\QDPLFSURJUHVVLYHEXFNOLQJ´6WUXFWXUDO,PSDFW&DPEULGJH8QLYHUVLW\3UHVV,6%1

-RQHV1DQG%LUFK56³'\QDPLFDQGVWDWLFD[LDOFUXVKLQJRID[LDOO\VWLIIHQHGVTXDUHWXEHV´3URF,QVWQ0HFK(QJUV9ROSS


/67&±/6'<1$.H\ZRUG8VHU
V0DQXDO9HUVLRQ/LYHUPRUH6RIWZDUH7HFKQRORJ\&RUSRUDWLRQ

6KDLOHVK1DUNKHGH1LWLQ/RNKDQGH%KDYHVK*DQJDQL*DQHVK*DGHNDU³%ROWHGMRLQWUHSUHVHQWDWLRQLQ/6'<1$WRPRGHOEROW
SUHVWUHVVDQGEROWIDLOXUHFKDUDFWHULVWLFLQFUDVKVLPXODWLRQV´3URFRIWKHWK,QWHUQDWLRQDO/6'<1$'&RQIHUHQFH
'HDUERUQ0,86$-XQH

6\PRQGV36³9LVFRSODVWLF%HKDYLRULQUHVSRQVHRI6WUXFWXUHVWR'\QDPLF/RDGLQJ´%HKDYLRURI0DWHULDOV8QGHU
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
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
